CALIBRATION CIRCUIT, MEMORY AND CALIBRATION METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The application claims priority to Chinese Patent Application No.
202011173755.3, filed to the China National Intellectual Property Administration on
October 28, 2020 and entitled “Calibration Circuit, Memory and Calibration Method”,

the disclosure of which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The embodiments of the disclosure relate, but are not limited, to a calibration

circuit, a memory and a calibration method.

BACKGROUND

[0003] A semiconductor memory is used in many electronic systems, so as to store
retrievable data. As the demand for a faster electronic system, greater data capacity and
less power consumption is growing, in order to meet changing needs, the semiconductor

memory may need to be faster, store more data and use less power.

[0004] Usually, the semiconductor memory is controlled by providing commands,
memory addresses and clocks to a memory, and furthermore, various commands,
memory addresses and clocks may be provided by a memory controller. These three
types of signals may control the memory to perform various storage operations, such as a
read operation for reading data from the memory, and a write operation for storing data in
the memory. Based on a known sequence related to a “related command” received by the
memory, data is transferred between the memory and the memory controller. Specifically,
a system clock configured to time the commands and the addresses may be provided to

the memory, furthermore, a data clock may also be provided to the memory, and the data



clock is used as a time sequence of reading data and a time sequence of writing data.
Moreover, the memory may also provide a clock to the controller, as a time sequence for
transmitting data to the controller. An external clock provided to the memory is
configured to generate an internal clock, and the internal clock controls time sequences
of various internal circuits during a memory operation of the memory. The time
sequences of the internal circuits during operation of the memory are critical,
furthermore, deviation of the internal clock may cause wrong operation. Deviation of the
clock may include duty cycle distortion, that is, the duty cycle of a clock signal deviates

from a preset duty cycle.

[0005] Therefore, the memory is required to have a Duty Cycle Adjust (DCA)
function and a Duty Cycle Monitor (DCM) function, that is, the memory may include a
DCA circuit and a DCM circuit. The DCA circuit may be configured to adjust the duty
cycle of the internal clock generated by the external clock, and the DCM circuit may be
configured to monitor whether the duty cycle of the clock deviates from the preset duty

cycle or not.

SUMMARY

[0006] The embodiments of the disclosure provide a calibration circuit, which can
include: a differential input circuit, configured to receive a first oscillation signal and a
second oscillation signal, the first oscillation signal and the second oscillation signal
having the same frequency and opposite phases, the duty cycle of the first oscillation
signal and the duty cycle of the second oscillation signal being in a first preset range, and
the differential input circuit configured to output a first internal signal and a second
internal signal; a comparison unit, connected to an output end of the differential input
circuit, and configured to compare the duty cycle of the first internal signal and/or the
duty cycle of the second internal signal; and a logical unit, connected to the comparison
unit and the differential input circuit, and configured to control the differential input
circuit according to an output result of the comparison unit, such that the duty cycle of
the first internal signal and/or the duty cycle of the second internal signal reaches a

second preset range.



[0007] The embodiments of the disclosure further provide a memory, which can

include the abovementioned calibration circuit.

[0008] The embodiments of the disclosure further provide a calibration method, which
can include: receiving, with a differential input circuit, a first oscillation signal and a
second oscillation signal, the first oscillation signal and the second oscillation signal
having the same frequency and opposite phases, the duty cycle of the first oscillation
signal and the duty cycle of the second oscillation signal being in a first preset range, and
the differential input circuit outputting a first internal signal and a second internal signal;
receiving, with a comparison unit, the first internal signal and the second internal signal,
and comparing the duty cycle of the first internal signal or the duty cycle of the second
internal signal; and controlling, with a logical unit, the differential input circuit according
to an output result of the comparison unit, such that the duty cycle of the first internal

signal and/or the duty cycle of the second internal signal reaches a second preset range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The one or more embodiments are exemplified by the pictures in the
corresponding drawings, and the exemplary descriptions do not constitute a limitation to
the embodiments. Elements in the drawings having the same reference numerals are
denoted by like elements, and unless otherwise stated, the figures in the drawings do not

constitute a proportional limitation.

[0010] FIG. 1 is a functional block diagram of a calibration circuit according to an

embodiment of the disclosure.

[0011] FIG. 2 is a schematic structural diagram of a calibration circuit according to an

embodiment of the disclosure.

[0012] FIG. 3 is a schematic flowchart of a calibration method according to another

embodiment of the disclosure.



DETAILED DESCRIPTION

[0013] It can be seen from BACKGROUND that, the working frequency of a memory
is faster and faster at present, the demand for the duty cycle of an input signal is more
and more strict, and it is very important to calibrate and monitor the duty cycle of the
input signal by using a DCA function and a DCM function meeting requirements.
Moreover, a differential input circuit that is configured to receive an external clock signal
to generate an internal clock signal is in the memory, and the inherent circuit
characteristics of the differential input circuit can cause the duty cycle deviation of the
internal clock signal. If the influence of the differential input circuit on the duty cycle
deviation is not detected and calibrated in time, the reading and writing performance of

the memory will be affected.

[0014] In order to solve the above problems, the embodiments of the disclosure
provide a calibration circuit, after a first oscillation signal and a second oscillation signal
with duty cycles in a first preset range pass through the differential input circuit, a first
internal signal and a second internal signal are output, and the first internal signal and the
second internal signal can be used as actual input signals when the memory is tested. As a
comparison unit detects the duty cycle of the first internal signal and the duty cycle of the
second internal signal, and a logical unit controls the differential input circuit based on a
detection result, the duty cycle of the first internal signal and the duty cycle of the second
internal signal can be ensured to be steady and stabilized in a second preset range, and
testing is executed by using the first internal signal and the second internal signal, such
that the accuracy of a test result can be improved. Moreover, the calibration circuit also
has a DCM function and a DCM function, and can calibrate the working state of the
differential input circuit, such that the influence of the differential input circuit on duty
cycle deviation is reduced, even avoided, and the reading and writing performance of the

memory with the calibration circuit are improved.

[0015] In order to make the purposes, technical solutions and advantages of the
embodiments of the disclosure clearer, the various embodiments of the disclosure are
described in detail in combination with the drawings below. However, it can be

understood by those of ordinary skill in the art that: in order to enable a reader to



understand the disclosure better, many technical details are provided in the various
embodiments of the disclosure. But, even if these technical details and a variety of
change and modifications based on the various embodiments below do not exist, the

technical solutions required to be protected by the disclosure may also be realized.

[0016] FIG. 1 is a functional block diagram of a calibration circuit according to an
embodiment of the disclosure. FIG. 2 is a schematic structural diagram of a calibration

circuit according to an embodiment of the disclosure.

[0017] Referring to FIG. 1 and FIG. 2, in the embodiment, the calibration circuit can
include: a differential input circuit 101, configured to receive a first oscillation signal
OSC+ and a second oscillation signal OSC-, the first oscillation signal OSC+ and the
second oscillation signal OSC- having the same frequency and opposite phases, the duty
cycle of the first oscillation signal OSC+ and the duty cycle of the second oscillation
signal OSC- being in a first preset range, and the differential input circuit 101 configured
to output a first internal signal IBO+ and a second internal signal IBO-; a comparison
unit 102, connected to an output end of the differential input circuit 101, and configured
to compare the duty cycle of the first internal signal IBO+ and/or the duty cycle of the
second internal signal IBO-; and a logical unit 103, connected to the comparison unit 102
and the differential input circuit 101, configured to control the differential input circuit
101 according to an output result of the comparison unit 102, such that the duty cycle of
the first internal signal IBO+ and/or the duty cycle of the second internal signal IBO-

reaches a second preset range.

[0018] The calibration circuit can be built in the memory, can not only receive an
external clock signal to generate an internal clock signal, but also receive the first
oscillation signal and the second oscillation signal for testing to generate the first internal
signal and the second internal signal, in addition, the duty cycle of the first internal signal
and the duty cycle of the second internal signal can be stabilized in the second preset
range, such that the accuracy of a test result of a test memory is improved. Moreover, the
calibration circuit can also realize the DCA function and the DCM function of the
memory, as well as the calibration function on the differential input circuit, and the duty

cycle deviation problem of the differential input circuit on the clock signal is avoided.



[0019] The calibration circuit provided by the embodiment will be described in detail

in combination with the drawings.

[0020] The first oscillation signal OSC+ and the second oscillation signal OSC- are
differential clock signals, furthermore, the duty cycle of the first oscillation signal OSC+
and the duty cycle of the second oscillation signal OSC- are in the first preset range, that
is, the first oscillation signal OSC+ and the second oscillation signal OSC- are high-

quality signals. In an example, the first preset range can be 48% - 52%.

[0021] Moreover, in the embodiment, the first oscillation signal OSC+ and the second
oscillation signal OSC- can have high-frequency characteristics, that is, the frequency of
the first oscillation signal OSC+ and the frequency of the second oscillation signal OSC-
are equivalent to the frequency of the clock signal required for the memory to read and
write, and the equivalence here can be either the same frequency or the frequency
difference is within a test allowable range. For example, the frequency of the first
oscillation signal OSC+ and the frequency of the second oscillation signal OSC- can

reach 3.2 GHz or 4.8 GHz, even 6.4 GHz.

[0022] In addition, the first oscillation signal OSC+ and the second oscillation signal

OSC- can be provided by an oscillation circuit built in the memory.

[0023] In the embodiment, the differential input circuit 101 can include an input
buffer, configured to receive the differential first oscillation signal OSC+ and second
oscillation signal OSC-, and output the differential first internal signal IBO+ and second

internal signal IBO-.

[0024] Moreover, in the embodiment, the differential input circuit 101 can also be
configured to receive a first external signal PAD+ and a second external signal PAD-,
furthermore, the first external signal and the second external signal have the same
frequency and opposite phases, that is, the first external signal PAD+ and the second
external signal PAD- are also differential signals. Correspondingly, the calibration circuit
can also include a selector 111. The first oscillation signal OSC+, the second oscillation
signal OSC-, the first external signal PAD+ and the second external signal PAD- are
connected to the differential input circuit 101 through the selector 111. By taking the first



oscillation signal OSC+ and the second oscillation signal OSC- as a first differential pair
signal and taking the first external signal PAD+ and the second external signal PAD- as a
second differential pair signal, the selector 111 is configured to select one of the first
differential pair signal and the second differential pair signal to input into the differential

input circuit 101.

[0025] As the differential input circuit 101 has inherent circuit characteristics, even if
the duty cycle of the first oscillation signal OSC+ and the duty cycle of the second
oscillation signal OSC- meet requirements, the duty cycle of the first internal signal
IBO+ and the duty cycle of the second internal signal IBO- obtained after being output
through the differential input circuit 101 may deviate. Therefore, the comparison unit 102
is adopted to detect the duty cycle of the first internal signal IBO+ and the duty cycle of

the second internal signal IBO-.

[0026] Because the first internal signal IBO+ and the second internal signal IBO- are
differential signals, the sum of the duty cycle of the first internal signal IBO+ and the
duty cycle of the second internal signal IBO- is 100%, and the comparison unit 102 is
configured to detect the duty cycles of the differential first internal signal IBO+ and
second internal signal IBO-. Specifically, the operation that the comparison unit 102
compares the duty cycle of the first internal signal IBO+ and/or the duty cycle of the

second internal signal IBO- can include at least one of the following three conditions.

[0027] The comparison unit 102 compares the duty cycle of the first internal signal
IBO+. Specifically, the comparison unit 102 compares whether the duty cycle of the first
internal signal IBO+ reaches the second preset range or not, and the second preset range
can be the same as the first preset range, for example, the second preset range can be
48% - 52%. If the comparison unit 102 compares that the duty cycle of the first internal
signal IBO+ is in the second preset range, it shows that the duty cycle of the second
internal signal IBO- is also in the second preset range. If the comparison unit 102
compares that the duty cycle of the first internal signal IBO+ is not in the second preset
range, it shows that the duty cycle of the second internal signal IBO- is also not in the

second preset range.

[0028] The comparison unit 102 compares the duty cycle of the second internal signal



IBO-. Specifically, the comparison unit 102 compares whether the duty cycle of the
second internal signal IBO- reaches the second preset range or not, and the second preset
range can be 48% - 52%. If the comparison unit 102 compares that the duty cycle of the
second internal signal IBO- is in the second preset range, it shows that the duty cycle of
the first internal signal IBO+ is also in the second preset range. If the comparison unit
102 compares that the duty cycle of the second internal signal IBO- is not in the second
preset range, it shows that the duty cycle of the first internal signal IBO+ is also not in

the second preset range.

[0029] The comparison unit 102 compares the duty cycle of the first internal signal
IBO+ and the duty cycle of the second internal signal IBO-. Specifically, the comparison
unit 102 compares whether a difference value between the duty cycle of the first internal
signal IBO+ and the duty cycle of the second internal signal IBO- is in a preset difference
value range or not, and the preset difference value range can be -4% - 4%. If the
comparison unit 102 compares that the difference value is in the preset difference value
range, it shows that the duty cycle of the first internal signal IBO+ and the duty cycle of
the second internal signal IBO- are in the second preset range, otherwise, the duty cycle
of the first internal signal IBO+ and the duty cycle of the second internal signal IBO- do

not reach the second preset range.

[0030] It should be noted that, both the numerical ranges of the abovementioned
second preset range and preset difference value range are exemplary descriptions. The
embodiments do not limit the second preset range and the preset difference value range,
and the second preset range and the preset difference value range can be reasonably set

according to actual performance requirements of the memory.

[0031] In the embodiment, the comparison unit 102 can include: an integral unit 112
with a first input end 3 and a second input end 4, the first input end 3 receiving one of the
first internal signal IBO+ or the second internal signal IBO-, and the second input end 4
receiving the other of the first internal signal IBO+ or the second internal signal IBO-;

and a comparator 122, connected to an output end of the integral unit 112.

[0032] Specifically, the integral unit 112 can include two integral circuits,

furthermore, the first input end 3 is used as an input end of one integral circuit, and the



second input end 4 is used as an input end of the other integral circuit. The comparator
122 is configured to compare outputs of the two integral circuits and output high level or

low level.

[0033] More specifically, the comparison unit 102 performs integral operation on the
input first internal signal IBO+ and the second internal signal IBO- through the two
integral circuits, furthermore, the result of the integral operation is input into the

comparator 122, and the comparator 122 outputs a comparison result.

[0034] Taking the first internal signal IBO+ as a positive end (duty+) and the second
internal signal IBO- as a negative end (duty-) as an example, in one example, if the
output of the comparator 122 is at a high level, it shows that the duty cycle of the first
internal signal IBO+ is greater than the duty cycle of the second internal signal IBO-; and
if the output of the comparator 122 is at a low level, it shows that the duty cycle of the

first internal signal IBO+ is less than the duty cycle of the second internal signal IBO-.

[0035] It should be noted that, the abovementioned corresponding relationship among
the output results of the comparison unit 102, the duty cycle of the first internal signal
IBO+ and the duty cycle of the second internal signal IBO- is merely exemplary; the
embodiments do not limit the corresponding relationship among the high level, the low
level, the duty cycle of the first internal signal IBO+ and the duty cycle of the second
internal signal IBO-, as long as the corresponding relationship that different output
results correspond to different duty cycles of the first internal signal IBO+ and different

duty cycles of the second internal signal IBO- is guaranteed.

[0036] As shown in FIG. 2, the output result of the comparison unit 102 can be
sampled and output through a sampling clock clkl. In the embodiment, the comparison
unit 102 is driven by a sampling clock clk1, and the frequency of the sampling clock clk1
is lower than the frequency of the first internal signal IBO+ and/or the frequency of the
second internal signal IBO-. The faster the frequency of the sampling clock clkl1 is, the
greater the sampling error is. The slower the frequency of the sampling clock clkl is, the
smaller the sampling error is, but the longer the test time is. Therefore, the optimal
frequency of the sampling clock clkl can be comprehensively selected according to the

sampling error and the test time.



[0037] In the embodiment, a clock generation circuit can also include a frequency
divider 104, configured to receive an external clock signal CLK, and generate the
sampling clock clk1. The external clock signal CLK can be provided by a test machine or

a memory.

[0038] Moreover, it can be seen from the foregoing analysis that, if the frequency of
the sampling clock clkl is adjustable, different frequencies of the sampling clock clkl
can be selected according to actual conditions, therefore, in the embodiment, the clock
generation circuit can also include a fifth register group 105, connected with the
frequency divider 104, and adapted to configure the frequency of the sampling clock. The

fifth register group 105 can be a mode register.

[0039] As inherent characteristics of the comparison unit 102 can cause input
deviation, in order to eliminate the error of the test result caused by the input deviation of
the comparison unit 102, in the embodiment, the comparison unit 102 can also be
configured to be that the first input end 3 and the second input end 4 are interchangeable.

Specifically, the comparison unit 102 is configured below.

[0040] The first input end 3 of the integral unit 112 is configured to receive the first
internal signal IBO+ when a flipping identification signal is at a low level, and is
configured to receive the second internal signal IBO- when the flipping identification
signal is at a high level. The second input end 4 of the integral unit 112 is configured to
receive the second internal signal IBO- when the flipping identification signal is at a low
level, and is configured to receive the first internal signal IBO+ when the flipping
identification signal is at a high level. Herein, the mode register is in the memory, the
flipping identification signal can be provided by the mode register, for example, in
LPDDR4 or LPDDRS or LPDDR6, the flipping identification signal can be defined as
DCM MR OP[1], if the DCM MR OP[1] is 0, it shows that the flipping identification
signal is at a low level, and if the DCM MR OP[1] is 1, it shows that the flipping

identification signal is at a high level.

[0041] The logical unit 103 controls the differential input circuit 101 based on a
detection result of the comparison unit 102, and adjusts circuit characteristics of the

differential input circuit 101, such that the duty cycle of the first internal signal IBO+ and

10



the duty cycle of the second internal signal IBO- output by the adjusted differential input

circuit 101 reach the second preset range.

[0042] Specifically, the logical unit 103 can include: a counter 113, configured to
adjust the duty cycle of the first internal signal IBO+ and/or the second internal signal
IBO-; a first register group 123, configured to store the first value of the counter 113
according to the output of the comparator 122 when the flipping identification signal is at
a low level; and a second register group 133, configured to store the second value of the
counter 113 according to the output of the comparator 122 when the flipping

identification signal is at a high level.

[0043] Specifically, the counter 113 has the functions of adjusting the circuit
characteristics of the differential input circuit 101 and changing the duty cycle of the first
internal signal IBO+ and the duty cycle of the second internal signal IBO-, and the duty
cycle of the first internal signal IBO+ and the duty cycle of the second internal signal
IBO- change monotonically, for example, the duty cycle changes from minimum to
maximum or from maximum to minimum in one counting cycle. In one counting cycle,
the output result of the comparator 122 will have only one inversion point, the value of
the counter 113 corresponding to the inversion point is the setting where the duty cycle of
the first internal signal IBO+ and the duty cycle of the second internal signal IBO- output
by the differential input circuit 101 are the closest to the second preset range, and the
value used as the value of the counter 113 is stored in the first register group 123 or the

second register group 133.

[0044] More specifically, when the flipping identification signal is at a low level, the
first value of the counter 113 is stored according to output of the comparator 122, and the
first value is stored in the first register group 123. When the flipping identification signal
is at a high level, the second value of the counter 113 is stored according to output of the
comparator 122, and the second value is stored in the second register group 133. In order
to conveniently understand this, the working principle of the logical unit 103 will be

described in detail below.

[0045] When the flipping identification signal is at a low level, the first input end 3 of

the integral unit 112 is configured to receive the first internal signal IBO+, and the
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second input end 4 is configured to receive the second internal signal IBO-; the counter
113 starts counting, for example, the counter 113 counts from 0 to 31 in one counting
cycle, and meanwhile, the duty cycle of the first internal signal IBO+ and the duty cycle
of the second internal signal IBO- output by the differential input circuit 101 also change
from minimum to maximum (such as from 40% to 60%) or from maximum to minimum.
Therefore, in one counting cycle (such as from 0 to 31), the comparator 122 will have
only one inversion point, the value of the counter 113 corresponding to the inversion
point is the first value, the first value is the setting where the duty cycle of the first
internal signal IBO+ output by the differential input circuit 101 is the closest to the
second preset range, for example, the first value can be that the duty cycle is the closest

to 50%, and the first value is stored in the first register group 123.

[0046] When the flipping identification signal is at a high level, the first input end 3 of
the integral unit 112 is configured to receive the second internal signal IBO-, the second
input end 4 is configured to receive the first internal signal IBO+, that is, input ends of
the comparison unit 102 are interchangeable, the counter 113 enters a new counting
cycle, for example, the counter 113 counts from 0 to 31, and similarly, the second value
of the counter 113 corresponding to the output inversion point of the comparator 122 is

stored in the second register group 133.

[0047] It should be noted that, the abovementioned counting cycle from 0 to 31 is
merely exemplary description, the counting type of the counter 113 is not limited in the
embodiment, the counter 113 can be either an addition counter or a subtraction counter,
which can be either a sequential increase or decrease count, or a step-by-step increase or
decrease count, and monotonic change of the counter 113 in a single counting cycle is

ensured.

[0048] The first input end 3 and the second input end 4 of the comparison unit 102 are
interchangeable, in a manner of controlling the differential input circuit 101 through
counting twice, the adverse effect caused by the input deviation of the comparison unit

102 itself can be eliminated, and the accuracy of the test result is further improved.

[0049] Moreover, the logical unit 103 can also include: an operation component 143,

connected to the first register group 123 and the second register group 133, and
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configured to perform addition, subtraction, multiplication and division on output of the
first register group 123 and the second register group 133; and a third register group 153,
connected to the operation component 143, and configured to store an output result of the

operation component 143.

[0050] Specifically, the output of the first register group 123 refers to the first value
stored in the first register group 123, and the output of the second register group 133
refers to the second value stored in the second register group 133. In the embodiment, the
operation component 143 adds the first value and the second value and divides them by 2
to obtain an average value, the average value is used as an output result of the operation
component 143, and the average value is stored in the third register group 153. Because
the average value already eliminates the input deviation of the comparison unit 102 itself,
the average value is the setting where the duty cycle of the first internal signal IBO+ and
the duty cycle of the second internal signal IBO- output by the differential input circuit
101 are the closest to the second preset range, for example, the duty cycle of the first
internal signal IBO+ and the duty cycle of the second internal signal IBO- are the closest
to 50%.

[0051] It should be understood that, the average value can be an integer rounded up by
adding the first value and the second value divided by 2, or an integer rounded down by

adding the first value and the second value divided by 2.

[0052] It should be noted that, in the embodiment, averaging of the first value and the
second value is taken as an example, and in other embodiments, other operation modes

can also be used to operate the first value and the second value.

[0053] The first register group 123, the second register group 133 and the third

register group 153 can be mode registers.

[0054] In the embodiment, the comparison unit 113 is driven by a calculator clock,
and the frequency of the calculator clock is lower than the frequency of the first internal
signal IBO+ and/or the frequency of the second internal signal IBO-. The frequency of
the calculator clock is adjustable, and the frequency of the calculator clock is reasonably

selected according to the speed of adjusting the differential input circuit 101.
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[0055] Moreover, the frequency of the sampling clock can be the same as the
frequency of the calculator clock. The frequency divider can also be configured to
receive an external clock signal, and generate the sampling clock and the calculator
clock, and similarly, the fifth register group can also be adapted to configure the

frequency of the calculator clock.

[0056] The value stored in the third register group 153 corresponds to the setting of
the differential input circuit 101, and at this time, the duty cycle of the differential input
circuit 101 is selectively switched from the counter 113 to the third register group 153,
such that the differential input circuit fixedly outputs the first internal signal IBO+ and
the second internal signal IBO- at an optimal duty cycle. It should be understood that,
during a period that the differential input circuit 101 fixedly outputs the first internal
signal IBO+ and the second internal signal IBO- at the optimal duty cycle, the
comparison unit 102 can continuously compare the duty cycle of the first internal signal
IBO+ and/or the duty cycle of the second internal signal IBO-. When the duty cycle of
the first internal signal IBO+ and the duty cycle of the second internal signal IBO- depart

from the preset range, the problem can be detected in time.

[0057] Moreover, in the embodiment, a control end of the selector 111 is configured to
receive a calibration enable signal dca, when the calibration enable signal dca is at a low
level, the first external signal PAD+ and the second external signal PAD- are input into
the differential input circuit 101, while when the calibration enable signal dca is at a high
level, the first oscillation signal OSC+ and the second oscillation signal OSC- are input

into the differential input circuit 101.

[0058] When the calibration enable signal dca is at a high level, the calibration circuit
enters a duty cycle calibration state, the first oscillation signal OSC+ and the second
oscillation signal OSC- correspondingly having an initial duty cycle are input into the
differential input circuit 101, so as to execute duty cycle calibration or duty cycle
adjustment, thereby realizing the DCA function. When the calibration enable signal dca is
at a low level, the calibration circuit quits the duty cycle calibration state, the first
external signal PAD+ and the second external signal PAD- are input into the differential

input circuit 101, so as to execute duty cycle detection or duty cycle monitoring, thereby
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realizing the DCM function.

[0059] According to the calibration circuit provided by the embodiment, through the
differential input circuit 101, the comparison unit 102 and the logical unit 103, the stable
first internal signal IBO+ and second internal signal IBO- can be generated in the
memory, and the first internal signal IBO+ and the second internal signal IBO- meet the
requirements of a high-frequency working signal of the memory. Therefore, the first
internal signal IBO+ and the second internal signal IBO- can be used as test input signals
for testing the memory, such that the memory can achieve a built-in self-testing function;
There is no need to use an additional test machine to provide test input signals, and
meanwhile, the problem that the test machine is difficult to provide a high-frequency test

input signal is solved.

[0060] Meanwhile, the calibration circuit can also calibrate the differential input
circuit 101, when the calibration circuit is used in the memory, the duty cycle deviation
caused by the differential input circuit 101 itself can be reduced, such that the reading
and writing operation performance of the memory is improved, for example, the noise

allowance is improved, and the signal integrity is improved.

[0061] Moreover, in the embodiment, the comparison unit 102 detects output of the
differential input circuit 101, furthermore, the logical unit 103 controls the differential
input circuit 101 based on the output result of the comparison unit 102, such that the duty
cycle of the first internal signal IBO+ and the duty cycle of the second internal signal
IBO- can be stabilized in the second preset range. The adverse effect of duty cycle
deviation on the test accuracy is avoided, and the test accuracy of testing the memory by
utilizing the first internal signal IBO+ and the second internal signal IBO- is improved.
For example, the duty cycle of the first internal signal IBO+ and the duty cycle of the

second internal signal IBO- can be precisely controlled at 50%.

[0062] Meanwhile, the calibration circuit provided by the embodiment also has the
DCM function and the DCA function.

[0063] Correspondingly, the embodiments of the disclosure further provide a memory,

which can include the calibration circuit provided by the abovementioned embodiments.
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Specifically, the memory can be a Dynamic Random Access Memory (DRAM), a Static
Random Access Memory (SRAM), a Magnetic Random Access Memory (MRAM), a
Ferroelectric Random Access Memory (FeERAM), a Phase Change Random Access
Memory (PCRAM), NAND, NOR, etc.

[0064] It can be seen from the above analysis that, high-speed first internal signals and
second internal signals for testing can be generated in the memory, furthermore, the duty
cycles of the first internal signals and second internal signals can be maintained in the
second preset range, such that there is no need to use an additional test machine to

provide test signals, and thus, the test accuracy of testing the memory is easily improved.

[0065] Correspondingly, the embodiments of the disclosure further provide a
calibration method. FIG. 3 is a schematic flowchart of a calibration method according to
an embodiment of the disclosure. The calibration method in the embodiment of the
disclosure will be described in detail in combination with the drawings. It should be
noted that, the calibration method can be executed by utilizing the calibration circuit

provided by the abovementioned embodiments.

[0066] Referring to FIG. 2 and FIG. 3, in the embodiment, the calibration method can

include the following steps.

[0067] At S1, a differential input circuit receives a first oscillation signal OSC+ and a
second oscillation signal OSC-, the first oscillation signal OSC+ and the second
oscillation signal OSC- have the same frequency and opposite phases, the duty cycle of
the first oscillation signal OSC+ and the duty cycle of the second oscillation signal OSC-
are in a first preset range, and the differential input circuit outputs a first internal signal

IBO+ and a second internal signal IBO-.

[0068] Specifically, the first oscillation signal OSC+ and the second oscillation signal
OSC- are signals with a steady duty cycle, and for example, both the duty cycle of the
first oscillation signal OSC+ and the duty cycle of the second oscillation signal OSC- are
50%.

[0069] At S2, a comparison unit receives the first internal signal IBO+ and the second

internal signal IBO-, and compares the duty cycle of the first internal signal IBO+ or the
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duty cycle of the second internal signal IBO-.

[0070] The duty cycle of the first internal signal IBO+ and the duty cycle of the
second internal signal IBO- output by the differential input circuit can be deviated, for
example, the duty cycle of the first internal signal IBO+ becomes 40%, and the duty

cycle of the second internal signal IBO- becomes 60%.

[0071] Specifically, when the flipping identification signal is at a low level, the
comparison unit compares the duty cycle of the first internal signal IBO+, and when the
flipping identification signal is at a high level, the comparison unit compares the duty

cycle of the second internal signal IBO-.

[0072] The comparison unit can include: an integral unit with a first input end and a
second input end, the first input end receiving one of the first internal signal IBO+ or the
second internal signal IBO-, and the second input end receiving the other of the second
internal signal IBO- or the first internal signal IBO+; and a comparator, connected to an

output end of the integral unit.

[0073] When the flipping identification signal is at a low level, the first input end
receives the first internal signal IBO+ and the second input end receives the second
internal signal IBO-, and the comparator compares the duty cycle of the first internal
signal IBO+ and has a corresponding output. The comparator compares the duty cycle of
the first internal signal IBO+ with: the duty cycle of the second internal signal IBO-, or
the preset duty cycle.

[0074] When the flipping identification signal is at a high level, the first input end
receives the second internal signal IBO- and the second input end receives the first
internal signal IBO+, and the comparator compares the duty cycle of the second internal
signal IBO- and has a corresponding output. The comparator compares the duty cycle of
the second internal signal IBO- with: the duty cycle of the first internal signal IBO+, or
the preset duty cycle.

[0075] An output result of the comparison unit represents a difference value between
the duty cycle of the first internal signal IBO+ and the duty cycle of the second internal

signal IBO-. For example, if an output result of the comparison unit is at a high level, it
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shows that the duty cycle of the first internal signal IBO+ is greater than the duty cycle of
the second internal signal IBO-; and if an output result of the comparison unit is at a low
level, it shows that the duty cycle of the first internal signal IBO+ is less than the duty

cycle of the second internal signal IBO-.

[0076] At S3, a logical unit controls the differential input circuit based on an output
result of the comparison unit, such that the duty cycle of the first internal signal IBO+

and/or the duty cycle of the second internal signal IBO- reach the second preset range.

[0077] Specifically, the logical unit can include a counter, a first register group and a
second register group. The differential input circuit is controlled through the counter,
such that the duty cycle of the first internal signal IBO+ and the duty cycle of the second

internal signal IBO- are adjusted.

[0078] When the flipping identification signal is at a low level, the counter counts
from U to V, when the value of the counter is U, the duty cycle of the corresponding first
internal signal IBO+ is X%, when the value of the counter is V, the duty cycle of the
corresponding first internal signal IBO+ is Y%, and when the output result of the
comparison unit is changed from the low level to the high level, the value of the counter
corresponding to the counter at this time is stored in the first register group. For example,

U can be 0, V can be 7, X can be 40, and Y can be 60%.

[0079] When the flipping identification signal is at a high level, the counter counts
from U to V, when the value of the counter is U, the duty cycle of the corresponding
second internal signal IBO- is Y%, when the value of the counter is V, the duty cycle of
the corresponding second internal signal IBO- is X%, when the output result of the
comparison unit is changed from the high level to the low level, the value of the counter
corresponding to the counter at this time is stored in the second register group. For

example, U can be 0, V can be 7, X can be 40, and Y can be 60%.

[0080] Specifically, for example, when the flipping identification signal is at a low
level, the first input end receives the first internal signal IBO+ and the second input end
receives the second internal signal IBO-, and the counter counts from 0 to 7 in one

counting cycle. When the output result of the comparison unit is at a low level, it shows
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that the duty cycle of the first internal signal IBO+ is less than the duty cycle of the
second internal signal IBO-; and when the output result of the comparison unit is at a
high level, it shows that the duty cycle of the first internal signal IBO+ is greater than the
duty cycle of the second internal signal IBO-. Therefore, the output result of the
comparison unit jumps from the low level to the high level, corresponding to an inversion
point, for example, the value of the counter at this time is 3, and the counter value 3 of
the counter corresponding to the inversion point used as the first value is stored in the

first register group.

[0081] For example, when the flipping identification signal is at a high level, the first
input end receives the second internal signal IBO- and the second input end receives the
first internal signal IBO+, and the counter counts from O to 7 in one counting cycle.
When the output result of the comparison unit is at a high level, it shows that the duty
cycle of the first internal signal IBO+ is less than the duty cycle of the second internal
signal IBO-; and when the output result of the comparison unit is at a low level, it shows
that the duty cycle of the first internal signal IBO+ is greater than the duty cycle of the
second internal signal IBO-. Therefore, the output result of the comparison unit jumps
from the high level to the low level, corresponding to an inversion point, for example, the
value of the counter at this time is 4, and the counter value 4 of the counter
corresponding to the inversion point used as the second value is stored in the second

register group.

[0082] It should be noted that, when the flipping identification signal is at a low level,
the counter counts from 0 to 7, the duty cycle of the first internal signal IBO+ changes
monotonically, for example, the duty cycle of the first internal signal IBO+ can be in
preset step-by-step increasing, and if the counter value of the counter increases by 1, the
duty cycle of the first internal signal IBO+ increases by ((60 - 40) / 8)%. It should be
noted that, when the flipping identification signal is at a high level and the counter counts
from 0 to 7, the duty cycle of the second internal signal IBO- changes monotonically. For
example, the duty cycle of the first internal signal IBO+ can present a preset stepwise
increase, and if the counter value of the counter increases by 1, the duty cycle of the first

internal signal IBO+ increases by ((60 - 40) / 8)%.
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[0083] The logical unit can also include an operation component and a third register
group, the operation component performs addition, subtraction, multiplication and
division on output of the first register group and the second register group, and stores the
obtained numerical value H in the third register group, herein, H is a positive integer, and

H is greater than or equal to U and less than or equal to V.

[0084] In the embodiments, the numerical value H is the sum of the first value and the
second value divided by 2, that is, the numerical value H is the average of the first value
and the second value, the numerical value H is the setting corresponding to the first
internal signal IBO+ and the second internal signal IBO- reaching the second preset
range, for example, H is equal to (3 + 4) / 2, that is, H is equal to 3.5, and H can also be
rounded up to 3 or down to 4. That is, the duty cycle of the second internal signal IBO+
corresponding to the numerical value H is in the second preset range, and the second

preset range can be 48% - 52%, such as 50%.

[0085] After the numerical value H is obtained, the differential input circuit is no
longer controlled by the counter, but the numerical value H is used as the setting of the
differential input circuit, such that the differential input circuit outputs the first internal
signal IBO+ with a preset duty cycle, and the corresponding second internal signal IBO-

is also a signal whose duty cycle meets the requirements.

[0086] The solution of the calibration method provided in the embodiment can
generate the first internal signal IBO+ and the second internal signal IBO- with high
speed and high quality, the first internal signal IBO+ and the second internal signal IBO-
are clock signals with stable duty cycles, and the first internal signal IBO+ and the
second internal signal IBO- can be used as clock signals required for reading and writing
operations of the memory. Moreover, the calibration method can also calibrate the
differential input circuit, timely detect the influence of the differential input circuit on the
duty cycle, and ensure that the duty cycle of the first internal signal IBO+ and the duty
cycle of the second internal signal IBO- output through the differential input circuit reach
the second preset range. For example, referring to FIG. 2 and FIG. 3, through the
calibration method provided by the embodiment, the duty cycle of the first internal signal

IBO+ is adjusted from 40% to 50%, and the duty cycle of the second internal signal IBO-
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is adjusted from 60% to 50%. Therefore, the deviation on the clock duty cycle caused by

the differential input circuit 101 is eliminated.

[0087] It can be understood by those of ordinary skill in the art that, the above various
implementation modes are specific embodiments for realizing the disclosure, in actual
application, various changes on the embodiments can be made in form and detail, and the
spirit and the scope of the disclosure are not deviated. Those skilled in the art can
implement respective variations and modifications without departing from the spirit and
scope of the disclosure, and thus the scope of protection of the disclosure should be

subject to the scope defined by the claims.

INDUSTRIAL APPLICABILITY

[0088] In the embodiments of the disclosure, a calibration circuit can include: a
differential input circuit, configured to receive a first oscillation signal and a second
oscillation signal, the first oscillation signal and the second oscillation signal having the
same frequency and opposite phases, the duty cycle of the first oscillation signal and the
duty cycle of the second oscillation signal being in a first preset range, and the
differential input circuit being configured to output a first internal signal and a second
internal signal; a comparison unit, connected to an output end of the differential input
circuit, and configured to compare the duty cycle of the first internal signal and/or the
duty cycle of the second internal signal; and a logical unit, connected to the comparison
unit and the differential input circuit, and configured to control the differential input
circuit according to an output result of the comparison unit, such that the duty cycle of
the first internal signal and/or the duty cycle of the second internal signal reaches a
second preset range. In this way, the calibration circuit provided by the embodiment of
the disclosure can not only generate a differential internal signal based on the first
oscillation signal and the second oscillation signal, but also has the DCM function and
the DCA function to ensure that the duty cycle of the first internal signal and the duty
cycle of the second internal signal generated by the calibration circuit are stable in the
second preset range; correspondingly, when the first internal signal and the second

internal signal are used to test the memory, it is conducive to avoid the problem of test
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deviation caused by the duty cycle deviation of the input signal, improve the test
accuracy of the memory, and enable the memory to realize the DCM function and the

DCA function.
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WHAT IS CLAIMED IS:

1. A calibration circuit, comprising:

a differential input circuit, configured to receive a first oscillation signal and a second
oscillation signal, the first oscillation signal and the second oscillation signal having a same
frequency and opposite phases, a duty cycle of the first oscillation signal and a duty cycle of
the second oscillation signal being in a first preset range, and the differential input circuit

configured to output a first internal signal and a second internal signal;

a comparison unit, connected to an output end of the differential input circuit, and
configured to compare the duty cycle of the first internal signal and/or the duty cycle of the

second internal signal; and

a logical unit, connected to the comparison unit and the differential input circuit, and
configured to control the differential input circuit according to an output result of the
comparison unit, such that the duty cycle of the first internal signal and/or the duty cycle of

the second internal signal reaches a second preset range.

2. The calibration circuit of claim 1, wherein the comparison unit comprises:

an integral unit with a first input end and a second input end, the first input end
configured to receive one of the first internal signal or the second internal signal, and the
second input end configured to receive another of the second internal signal or the first

internal signal; and

a comparator, connected to an output end of the integral unit.

3. The calibration circuit of claim 2, wherein

the first input end of the integral unit is configured to receive the first internal signal
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when a flipping identification signal is at a low level, and receive the second internal signal

when the flipping identification signal is at a high level; and

the second input end of the integral unit is configured to receive the second internal
signal when the flipping identification signal is at a low level, and receive the first internal

signal when the flipping identification signal is at a high level.

4. The calibration circuit of claim 3, wherein the logical unit comprises:

a counter, configured to adjust the duty cycle of the first internal signal and/or the duty

cycle of the second internal signal;

a first register group, configured to store a first value of the counter according to

output of the comparator when the flipping identification signal is at a low level; and

a second register group, configured to store a second value of the counter according to

output of the comparator when the flipping identification signal is at a high level.

5. The calibration circuit of claim 4, wherein the logical unit further comprises:

an operation component, connected to the first register group and the second register
group, and configured to perform addition, subtraction, multiplication and division on output

of the first register group and the second register group; and

a third register group, connected to the operation component, and configured to store

an output result of the operation component.

6. The calibration circuit of claim 5, wherein the comparison unit is driven by a sampling
clock, and a frequency of the sampling clock is lower than a frequency of the first internal

signal and/or a frequency of the second internal signal.
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7. The calibration circuit of claim 6, wherein the counter is driven by a calculator clock, and a
frequency of the calculator clock is lower than the frequency of the first internal signal and/or

the frequency of the second internal signal.

8. The calibration circuit of claim 7, wherein the frequency of the sampling clock is same as

the frequency of the calculator clock.

9. The calibration circuit of claim 8, further comprising:

a frequency divider, configured to receive an external clock signal, and generate the

sampling clock and the calculator clock.

10. The calibration circuit of claim 9, further comprising:

a fifth register group, connected with the frequency divider, and adapted to configure

the frequency of the sampling clock and the frequency of the calculator clock.

11. The calibration circuit of claim 1, wherein the differential input circuit is further
configured to receive a first external signal and a second external signal, and the first external

signal and the second external signal have a same frequency and opposite phases.

12. The calibration circuit of claim 11, further comprising:

a selector, wherein the first oscillation signal, the second oscillation signal, the first
external signal and the second external signal are connected to the differential input circuit

through the selector, and by taking the first oscillation signal and the second oscillation signal
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as a first differential pair signal and taking the first external signal and the second external
signal as a second differential pair signal, the selector is configured to select one of the first
differential pair signal and the second differential pair signal to input into the differential input

circuit.

13. The calibration circuit of claim 12, wherein a control end of the selector is configured to
receive a calibration enable signal, when the calibration enable signal is at a low level, the
first external signal and the second external signal are input into the differential input circuit,
and when the calibration enable signal is at a high level, the first oscillation signal and the

second oscillation signal are input into the differential input circuit.

14. A memory, comprising:

the calibration circuit of any one of claims 1-13.

15. A calibration method, comprising:

receiving, with a differential input circuit, a first oscillation signal and a second
oscillation signal, the first oscillation signal and the second oscillation signal having the same
frequency and opposite phases, the duty cycle of the first oscillation signal and the duty cycle
of the second oscillation signal being in a first preset range, and the differential input circuit

outputting a first internal signal and a second internal signal;

receiving, with a comparison unit, the first internal signal and the second internal
signal, and comparing the duty cycle of the first internal signal or the duty cycle of the second

internal signal; and

controlling, with a logical unit, the differential input circuit according to an output
result of the comparison unit, such that the duty cycle of the first internal signal and/or the

duty cycle of the second internal signal reaches a second preset range.
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16. The calibration method of claim 15, wherein the receiving, with the comparison unit, the

first internal signal and the second internal signal comprises:

when a flipping identification signal is at a low level, the comparison unit comparing

the duty cycle of the first internal signal; and

when the flipping identification signal is at a high level, the comparison unit

comparing the duty cycle of the second internal signal.

17. The calibration method of claim 16, wherein the controlling, with the logical unit, the

differential input circuit according to the output result of the comparison unit comprises:

the logical unit comprising a counter, a first register group and a second register

group,

when the flipping identification signal is at a low level, the counter counting from U to
V, when the value of the counter is U, the duty cycle corresponding to the first internal signal
being X%, when the value of the counter is V, the duty cycle corresponding to the first
internal signal being Y%, and when the output result of the comparison unit is changed from
the low level to the high level, the counter value corresponding to the counter at this time

being stored in the first register group;

when the flipping identification signal is at a high level, the counter counting from U
to V, when the value of the counter is U, the duty cycle corresponding to the second internal
signal being Y%, when the value of the counter is V, the duty cycle corresponding to the
second oscillation signal being X%, when the output result of the comparison unit is changed
from the high level to the low level, the counter value corresponding to the counter at this

time being stored in the second register group;

wherein both the U and V are integers, the U is less than V, both the X and Y are
positive integers, the X is less than 50, and the Y is greater than 50.
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18. The calibration method of claim 17, wherein the controlling, with the logical unit, the
differential input circuit according to the output result of the comparison unit further

comprises:
the logical unit further comprising an operation component and a third register group;

the operation component performing addition, subtraction, multiplication and division
on output of the first register group and the second register group, and storing the obtained

numerical value H in the third register group;

wherein the H is an integer, and the H is greater than or equal to the U and less than or

equal to the V.

19. The calibration method of claim 18, wherein the duty cycle of the first internal signal

corresponding to the H is in the second preset range.
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